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Climate change-driven FJendroctonus ponderosae outbreaks in semi-naive inus 
a/bicaulis may result in rapid natural selection for trees with genotypes and pheno. pes 
associated with survival. In this study, we investigated whether survfvors were gene Cally 
and chemically different 'from a living cohort of trees that escaped predatio due 

to smaller size and estiniated gehetic diversity. We also examined how growt rate 
and climate sensitivity vaiied be~een beetle-kUled and surviving trees. Dendroc nus 
ponderosae predominantly kills large diameter trees; therefore, we predicted that: arge 
surviving trees would have distinctive genetic profiles and, due to bottlenecking an ' drift, 

survivors would have lower genetic diversity than the abundant smaller mature I rees 
that escaped predation. We found survivors were indeed genetically divergent fro., the 

smaller trees but, contrary to expectations, the smaller trees had lower diversity'. This 
suggests that while beetles may select for trees with particular genotypes, other f _ tors 

are also driving populatioll genetic sub-structuring. Individual tree terp"ene profi!esi ere 

diverse and varied by population but showed no clear relatioriship to survivorship Two 
groups of trees with divergent sensitivities- to climate were observed in each popu1· tion, 

but neither was a clear indicator of survivorship or susceptibility to beetle attack. G' wth 

rate was thl9 best predictor of survivorship with survivors growing significarit!y .wer 
than beetle-killed trees OV!3r their lifetimes although growth rates converged in ye : just 

prior to Increased beetle :activity. Overall, our results suggest that P. albicaufis f: ests 
show considerable divergence among populations and wlthin-population genetid ub­

structuring, and that the} may contain complex mosaics of adaptive potentials' to a 

variety of stressors including D. ponderosae. To protect the ability of this tree to apt 

to increasing pressure from beetles, bflster rust, and climate change, a top priority s. ould 
b_e the maintenance of stahding genetic diversity and adaptive shifts in allele freque ies. 

Keywords: Dendroctcmus pondfirosae (mountain pine beetle), genetic diversity, climate change, ada ·on, 
dendrochronology, Pinus albicaulis 
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produce dlfferent types, amounts, or ratios ofsecondary chemical 
compounds that result in the rejection of these trees by beetles 
but that the chemicals involved are in groups other than the 
terpenoids we included. 

It is not known whether larger resin duct area results in 
greater co,nstitutive defense. ff it does then there should be 
greater resin flow in slow growing P. albicaulis. However, resin 
flow in P. a/bicaulis is usually very low and sometimes non­
existenL During this study, we measured resin flow over a 
24-h period in July 2017 for 40 survivors and 40 generals at 
Vipond Park and only four trees produced measurable, but low, 
amounts of resin with two falling into each category (data not 
shown). Additionally, larger resin ducts in other conifers ha,je 
not been found to result in greater resin fl.ow (Hodges et al., 
1981; Hood and Sala, 2015).· Slow-growing survivors may invest 
more in producing greater resin duct area and resin within 
their xylem, but the effect on beetles may be more qualitative 
than quantitative, especially if they also invest differently in the 
secondary chemicals they produce, An. investigation into the 
secondary chemistry of P. albicaulis with differing resin duct 
areas may help identify the means by which beetles can exert 
'choice at a distance' given survivors are not attacked and beetles 
do not encounter resin physically. 

Interestingly, climate sensitivity was not predictive of tree 
survivorship. At Poverty Flat and Vipond Park, beetle-killed 
trees and survivors both contained large proportions of sensitive 
and non-sensitive trees (Supplementary Appendices 2, 3). Our 
results agree with those of Cooper et al. (2018) who found no 
relationship of climate variables to survivorship in P. contorta 
and of Kichas et al. (2020) who found no relationship of these 
variables to survivorship or resin duct area in P. albicaulis. 

In correlations c9mparing BAI/BAs for individual trees and 
climate variables, again we found no dear difference in climate 
sensitivity between survivors, beetle-killed trees, and generals 
(Table 8). However, we did find differences between sensitive 
and non-sensitive trees, particularly a positive correlation 
to PDSI indicating a negative growth response of sensitive 
trees to drier conditions (Supplementary Appendices 2-4). 
In contrast, non-sensitive trees did not respond positively to 
PDSI, but rather, were more likely to positively respond to 
March temperatures or negatively to December temperatures 
(CO). Wanner March temperatures may allow for earlier 
growth in these trees while the negative relationship to 
December temperature may relate to negative effects Of warmer 
temperatures on snowp!lck retention. Kichas et al. (2020) 
observed reduced growth during wetter winters for P. albicaulis 
at a site in northern Montana and Perkins and Swetnam (1996) 
noted positive responses to winter and spring precipitation on 
growth of P. albicaulis and suggested that feedbacks among 
climate variables likely produce nonlinear effects influencing 
sno-wpack and consequently grOwth (Perkins and Swetnam, 
1996). The sensitive-insensitive dichototny that we observed 
in tree responses to climate variables at all three sites 
further suggests that genetic sub-structuring within P. albicaulis 
populations increases the diversity of tree responses to climatic 
conditions, potentially increasing resilience of the forest as a 
whole to fluctuating conditions over time. 
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There appeared to be a rdationship of drought to ou reak 
development at Poverty Flat and Vipond Park (Supplem tary 
Figures 2, 3) but no relationship at Lacy Creek {Supplem ·tary 
Figure 3). In fact, Lacy Creek trees did not reduce gro 
during the most recent drought and actually exhibited s in 
growth during wet periods in the 60s and 90s. This hi 
the importance of tree responses, and likely genetics, alon 
climate in outbreak devel0pment. • 

Importance to Conservation 
Whitebark pine is in decline across much of its range e to 
the effects of the non-native disease white pine bliste rust, 
D. ponderosae outbreaks, and climate change (Keane et al., 012). 
This is a 'wicked problem' in that successful conserva n -of 
this tree will require approaches that deal with all three eats. 
However, as different as these threats are from one 
they share one commonality, and that is that the ability 
species to persist wil,l depend on.its potential for adaption t ese 
stressors that, in turn, depends on genetic diversity. 

Standing genetic diversity is in large part how Ion 
organisms such as trees persist in the face of shifting 
and other stressors over time (Petit and Hampe, 2006 
found evidence of substantial population sub-structu • g in 
P. albicaulis that may indicate a strong adaptive pot ti.al. 
Different cohorts and categories of trees within each pop tion 
exhibited diverge_nt genetic (Figure 1) and phenotypic p files 
{Figures 2, 3) as well as differential responses to climate ('E e-8). 
Older trees possessed greater genetic diversity (Table .but 
younger (general) trees grew better under more recent con ·ons 
(Figure 4) suggesting they may be better adapted to w 
conditions. Although generals had lower genetic diversity gene 
flow among other cohorts including large survivors ould 
act to maintain genetic diversity and to produce new g eti.c 
combinations on which selection can act. However, the. pid 
growth rates exhibited by generals may also be a cause for co cern 
given that D. ponderosae appears to prefer faster growing" es1 
Thfa may influence overall stand survival and genetic diver. ty as 
these trees reach sizes susceptible to beetle attack. Ove our 
results suggest P. albicaulis for.ests contain.a complex mo ' ·c of 
adaptive potentials to·a variety of stressors but that the ab· ty of 
populations to persist will likely vary across the geographic. ange 
of the tree depending in the genetic diversity within and • ong 
populations {Jorgenson and Hamrick, 1997; Liu et al., 2016. 

18 

To protect the ability of this tree to adapt to curren' and 
future conditions, the maintenance of genetic diversity sho d be 
a top priority, and practices that can reduce diversity or th may 
introduce maladaptive- genes or swamp local adaptation s. ould 
be avoided. Reliance on natural regeneration is best beca e it 
involves.locally adapted seed sources drawn from the full a '· y of 
diversity prl;!sent in the Stand and seedlings that establish • 
done so under a local climatic selection filter. Where silvicnl.c,,-r-1 
practices are applied, they should be implemented with ca ·on. 
In cases where planting is required, care should be us' in 
sourcing seed, as even locations close to one another ma. not 
be appropriate for collections. For example, trees at Lacy reek 
and Vipond Park, located only 27 km apart, showed differ nces 
in genetic and terpenoid profiles, growth rates, and sensiti to 
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climate. Even when using seed from the site where seedlings will 
be planted, care must be taken to collect from multiple cohorts, 
as one cohort may not reflect the full genetic diversity of the 
site ~ shown by differences between survivors and generals at 
our sites. To maximize effectiveness and minimize inadvertent 
harm, it will be crucial in all conservation efforts to consider the 
strength of local adaptation and genetic structuring within and 
among populations as well as the sources and degree of gene .flow 
and the multinlcde of stressors with which the tree must contend 
(McKay et al., 2005). 

Our results also indicate that thinning prescriptions aimed 
at increasing tree growth in whitebark pine should be applied 
with considerable caution. Greater tree ring width/faster growth 
has been widely used as a proxy for tree vigor and as an 
indicator of greater resistance to bark beetles (Bhuyan et al,, 
2017). This view has led to thinning projects in whltebark pine 
aimed at increasing growth and vigor (Retzlaff et al., 2018) and 
resistance to D. ponderosae. However, while the relationship 
between growth and resistance to beetles has been shown to be 
positive in some pines and variable in others (Millar et al, 2012; 
Knapp et al., 2013; Keen-et al., 2020), the opposite appears to be 
true for some populations of P. contorta (Cooper et al., 2018) 
and for P, albicau.lis. In our study, as well as in that of Kichas 
et al. (2020), faster overall growth was the strongest predictor of 
mortality due to D. panderosae indicating that such treatments 
will not have their intended effect in P. albicaulis and may even be 
detrimental. Furthermore, naturally low resin production, even 
by survivor and openffgrown P. al'l;,icaulis, indicates thiillling 
will have littleffto~no effect tm enhancing constitutive defenses 
against the insect. 

Anthropogenic change is creating or enhancing a number 
of stressors on forests. To aid forests in adapting to these 
stressors, we need to move beyond traditional spacing and ageff 
class prescriptions and take into account the genetic variability 
within and among populations and the impact our actions may 
have on adaptive potential and forest trajectories. Because so 
little is known about the genetic diversity in most forest trees, 
and because it is key to effective conservation, studies of genetic 
diversity and structuring in forest trees should be a top priority in 
forest adaptation and conservation efforts. 
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